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(g) Gradation corrector. 

circuit (52 fS detect ng a change in video scene and a recursive filter circuit composed of an adder (53) 
gradation correction with rapid response which follows a change in video scene). 
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BACKGROUND OF THE INVENTION 



The present invention relates to a gradation corrector used in correcting the gradation of a video signal in 
a television rece,ver, a video tape recorder, a video camera, a video disk or the like 

h J n r Cent I e l rS * 9reat importance has been Cached to a gradation corrector in order to provide a more 

Sa^uaLte 'V? H red ^ "T ^ ^ ° f 3 "*» te ' evisi ° n receiver and the improved" 

■mage quality thereof and more especally, in order to expand the dynamic range of an image on a CRT by 

passing a video s.gna. through a non-linear amplifier to correct the gradation of the video signal 

Fia 4 9 rlr 3 bl ° Ck 1 d ; a9ram of a 9 radation co ™*™ Proposed precedently to the present application In 

vleNu^ 

siqnai In oenlrl , th T ' T^?™ ^ ° bt3ining 3 ' UminanCe distribution the input luminance 

hereof NumerS 3 ? 'T^ ^ ^ 3 " addrMS ° f th * mem0ry 2 and fre ^ enc V enters as data 
vTuf rnnr 7 des, 9 nates a hlsto 9'am oP^ng circuit for computing histogram features such as mean 
value mode value. m.mmum value, maximum value, deviation coefficient, white area, black area etc oflhe 

ztT::r^zTJZr e data of the histo9ram memory 2 and com ^ ™™ 

fr !" accumulation sta t '"™ance level, an accumulation stop (uminance level, 
tolZ * TJ 6 Ve ' S ° ° n fr ° m the determined v ^e* to output the control values to a limiter 

adder c,rcu,t 5 an accumulation control register circuit 6 and a normalization control register circuit 7 T e iml 
fromt h' t CU S P rovidedfor P^s-ng thedata of the histogram. Namely, on the basis of data transfemid 
ToThaUt^ 

TrtoZ* T T r XC f 6 f l6Vel Perf0rmS the ° Perati ° n ° f addition - ,n ^eral, the data processing 

SiT.-* drCUit 5 iS com P |e,ed duri "9 a *™ when the address is accessed once The 

minino a cl"^ "? ' UminanCe ' eVe ' S ' 3t WhiCh ^ a ™ la «on is to be started and stopped n deler 

register Z^eZX T"' "7 "T^ ^ ^ hiSt ° 9ram 0peraHn9 drCUit 3 l ° the accum ulaton 
register circuit 6 which in turn controls a histogram accumulation circuit 8 

orv 2 T on ^h 9 ' 3 ™ a f CCUmu,ation circuit 8 makes the accumulation of processed data from the histogram men, 
cumuiativTh r S 3 S ' 9nal fr ° m acCumulation contro1 lister circuit 6. Numeral 9 designates" 

Z* 8 ToeneSr 7™" ^ ^ ^ M « b y the histogram accumulation cir- 

cuit 8 In general the lummance level enters an address of the memory 9 and the frequency enters as data 
thereof, .n normalizing data of the cumulative histogram to produce a look-up table, the maximum finance 
S£? ^ ° UtpUt '7 inanCe Si 9" al a «- normalization is suppiied from the histogram ope"^ 3 Z 
coefficien Mn" 1 ? *" n0rma,izati °" "ntrol agister circuit 7 controls a normaHzat on 

accordanc e with the value of the maximum luminance level. Numeral 10 designates a look up 

output o Se noZr *7 T7"! 8 ^ d3ta CUmU ' atiVe hiSt ° gram ™™V 9 in a ~" da -e wit an 
mirPin 1 h " 0rma,,zat,0n contral re 9 ,ster ci ™it 7. Numeral 1 1 designates a look-up table memory for storing 

Lna enters^ T , £ ^ ' 0 ° k " UP ^ ° P6ratin9 C '' rCUit 1 °- S 6 " 6 ^ "» input 
signal enters an address of the memory 11 and the normalized data enters an data thereof. Numeral 12 desig- 

memo^ T 9 TJ J makeS ^ se 9 uencin 9 of various operations and the control for the 

v*,.,!?' 5 ,!' T- ,n . P f ' Uminance si9nal t « inputted to the A/D converter 1 and is converted thereby into a digital 

^ttaktt ami" " \ C0 " verted input luminance *nal b. The converted input .uminance sig a 

irf^t \7 Z * 6SS ° f the hist ° 9ram memo 'V 2 an <* data at that address is processed by the L- 

histo a d lT U J h V V ? rmin9 thiS ° Perati0n dUrin9 ° ne V6rtical scannin9 int ^ a '- it is Possible to obtairTa 
histogram distr.bution of the input luminance signal a. The histogram distribution is shown in Fig 5A 

circuSa whfch ?n ^m 15 IT!" T OTV 2 inC ' Udin9 the hiSt09ram distribut ion is read by the histogram operating 
devia ion rnfr tU " 1 ^ alcu ' ates the mean value - »e mode value, the minimum value, the maximum value, the 
circul £1222 I T' ^ b ' aCk 3rea ' etC " ° f the inpUt ' Uminance si9naL The histo ^am operating 

culat on stamum^'T 5 T « a limiter level, the value of addition, an accumulation ca? 

BteTo™^™"* accumulation calcu.aUon stop luminance leve.. the maximum luminance level 

I r , c !° ° n fr ° m the r6SU,t ° f the abOVe calcula tion and transfers the determined data to the 
hrmter/adder crcu.t 5. the accumulation control register circuit 6 and the normalfcation control register Scuft 

5B^ In7fh after ' *!■ " mit f r/adder circuit 5 reads da ta from the histogram memory 2 to make a limiter (see Fig 

hSooram ff^ " ^ ** *" ^ ° n the basis of each data transferred from the 

h IS togram operating circurt 3 and outputs the result (or corrected histogram data cj to the histogram accumu 
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lation circuit 8 (see Fig. 5C). In the case where the value of addition is fixed, a curve obtained by the cumulative 
addition becomes nearer to a linear profile as the value of addition is larger and approaches to a histogram 
flatting process as the value of addition is smaller (see Figs. 5C and 5D). 

On the basis of the accumulation start luminance level and the accumulation stop luminance level supplied 

5 from the accumulation control register circuit 6, the histogram accumulation circuit 8 calculates cumulative his- 
togram data f from the corrected histogram data c in a range between the accumulation start and stop luminance 
levels and causes the cumulative histogram memory 9 to store the result of calculation. 

Next, the look-up table operating circuit 10 reads the cumulative histogram data from the cumulative his- 
togram memory 9 to determine a normalization coefficient so that the maximum value of the cumulative his- 

10 togram data becomes the maximum output luminance level h supplied from the normalization control register 
circuit 7. The look-up table operating circuit 10 performs an operation on all the cumulative histogram data g 
by use of the determined normalization coefficient and causes the look-up table memory 1 1 to store the result 
i. If the maximum output luminance level is controlled, an operation such as an automatic contrast control (ACL) 
or an automatic brightness control (ABL) is possible. Such an operation is shown in Fig. 5E. 

f5 Thereafter, data in the look-up table memory 1 1 is read with the converted input luminance signal b being 

used as an address and the read data is outputted as a corrected output luminance signal j. Fig. 5F shows a 
histogram of the corrected output luminance signal [. The D/A converter 13 outputs the corrected output lumi- 
nance signal [ after conversion thereof into an analog signal k. 

The timing control circuit 12 controls the operations of various circuits so that the operations of respective 

20 parts are performed at such timings as mentioned above. [For example, refer to Japanese Patent Application 
No. (Hei)1 -265393 (JP-A-3-1 26,377), entitled "Gradation Corrector, filed by the applicant of the present appli- 
cation.] The gradation corrector proposed in the preceding application JP-A-3-1 26, 377 is of a same type as 
the above corrector shown in Fig. 4 and adapted to be capable of sufficiently effecting gradation correction on 
signals of bright levels and intermediate luminance levels as well as on those of black side, and yet capable 

25 of effecting gradation correction of higher fidelity and higher contrast, while capable of preventing over-exten- 
sion of dynamic range. These gradation corrections are effected, as above noted, by adding or subtracting pre- 
selected values to or from the data of histogram, substituting preselected values for that of higher or lower than 
a certain value, thereby optimizing effects of histogram flatting processing, and by controlling range of histogram 
data to be accumulated or controlling the maximum of the normalized data. In an embodiment of the preceding 

30 application, the histogram operating circuit comprises an average luminance level computing circuit for com- 
puting from data of the histogram memory an average value of input luminance signal, a mode luminance level 
detection circuit for detecting a mode value, maximum and minimum detection circuits, a circuit for computing 
a deviation (dispersion) coefficient from data of the histogram memory, and a computing circuit for computing 
white and black areas. With these circuits the histogram operating circuit is adapted to further compute the con- 

35 trol values such as limiter level, accumulation start/stop luminance level, etc. The average value of input lumi- 
nance signal is computed from the histogram memory data and along the following equation (1). 

average value = (input luminance levels) 
x (histogram values) 

-r (total number of picture elements) 



The mode value designates an input luminance signal level causing a maximum of histogram data. The 
maximum value detected by the detection circuit designates an input luminance level corresponding to an upper 
limit of the histogram distribution, and the detected minimum value designates an input luminance level corre- 
50 sponding to a lower limit of the histogram distribution. The black area designates picture elements of input signal 
luminance levels, for example, in a luminance range of 0 to 40% of the histogram distribution while the white 
area designates picture element of input signal luminance levels, for example, in a luminance range of more 
than 60% of the histogram distribution. The deviation coefficient may be calculated as a standard deviation or 
alternatively may be calculated simply along the following equation (2). 

55 
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(deviation coefficient) = 

[(maximum value) - (minimum value,] x constant 
* (maximum value of histogram) (2) 

L^STndTnS TT 3 ° f 7 9radati ° n COrreCt ° r Sh ° Wn Pr6Sent Fi9 ' 4 is ^stantlaHy the same 
constitution and function as the preceding circuit just mentioned 

ic Jw 6 ?° Ve ^ f adati0 " correctors ' however - sin <* *e minimum value of the histogram to be detected 
is an instantaneous value detected from the histogram in one vertical scanning interval, there is a prob.em Sat 

Z7s coX T 1 h " 3 Vid6 ° Si9naL minimUm V3lUe d6teCted h3S 3 9 reat V3riati °" -ith theTesul 
mat the corrected output luminance signal oscillates, which value may affect to such corrected output luminance 
signal more significantly than other histogram features. ouipui luminance 

SUMMARY OF THE INVENTION 

are to n£S? ^ T^"' inVemi ° n * S ° Mng the abov e-mentioned problem in the preceding conectors 

ted is ZTJt 9 H a h 3 COaeCt ° r WhiCh maKe 3 Sm ° 0th COrreCti ° n S ° that the minimum va '^to be detec 

scene with nc T, * " ^ * PI ° Vlde 3 9radati ° n COrreCt ° r which can fo,,ow a «*■-»■ in video 

scene with no delay in response. _ 

According to one aspect of the present invention, there is provided a gradation corrector comprising a his- 
togram memory for storing a histogram of a video .uminance signai. a histogram operating circuit cZecte^ 
a I im^ f HH ram mem ° ry eXtraCUng 3 featUre ° f the hiSt ° 9ram fr ° m data stored in the histogram memo^ 
hi o™ If C ' C ° meCted l ° 30 ° UtPUt ° f hiSt ° gram ° Peratin9 drCuit for P rocessi "9 S» data of the' 
Sd^ 

toolm 11 P h J °? ram ° Peratin9 CirCUit ' 3 hiSt ° gram emulation circuit connected to the his- 

dl ni 777 ac cumulat,on control register circuitformaking a cumulative addition for the processed 

look ul h, 9ta ? mem0ry ' 3 CUmU ' atiVe hiSt ° 9ram mem0fy f ° r St ° rin 9 the result ° f — lative addition a 
ook-up table operating crcurt connected to the cumulative histogram memory and the normalization cent ol 

Lrsu^ 

of Ih hil„ n0m ^ a,,ZatlOn ' the h,st °9 ram °P eratin 9 circuit deluding a circuit for detecting the minimum value 

fndacibZr r m ^ 

and a clipping circuit connected to an output of the S/N detecting circuit and an output of the histogram memory 
a clipping level of the cl.ppmg circuit being controlled by the output of the S/N detecting circuit 
whic^ I ab ° Ve C ] ° nStruCti0n ' il is P° ssible to P revent a ' a rge variation of the minimum value to be detected 
excellent gradation corrector in which a corrected output signal does not oscillate 

H^rn° rd,n K t0 an ° the I aSP6Ct ° f Pr6Sent invention - the histogram operating circuit includes a circuit for 
detectmg a change ,n v.deo scene, a recursive filter circuit, and a circuit for controlling a feedback coefficient 

a vanation of a value to be detected, which may be caused from noises or the like, can be suppressed greatfy 

detect Tr^°n ^ " *» hist ° 9ram ° peratin9 circuit * circuit for 

fiona nf 1 9 ^ ^ * ^ Cta,lt 3 Se,eCtor circuit for ^putting either an input 

Z 11 * T C ' rCU,t ° r 3n ° UtPUt Si9nal ° f the Cydic fi,ter circuit in accordance with an output o 

the video scene change detecting circuit Thereby, when the video scene has a sudden change, a delay in res- 
ponse owing to the recursive filter circuit can be avoided. As a result, it is possible to realize an exceNe ? art 
dation corrector which can make a gradation correction following a change in video scene ° 

With the above-mentioned various constructions of the present invention, the following effects are provided 
It is possible to prevent a variation of a detected value due to noises by detecting the S/N ratio of the input 
ant Tf T C " an9in9 C ' iPPing l6Vel ° f the dippin9 circuit fcr detection of the minimum value accord 

P^d va fa Tof^? 9 ^' 6 " ? ^ 1 * P ° SSib ' e t0 m3ke 3 S ™° th corre <*° n ^ ^ 

SlT „ T Um Va ' Ue l ° be det6Cted by additional| y Priding the recursive filter circurt and 

tZ e " h t h VidS ° SC6ne h3S 3 SUdd6n Chan9e ' il is 0°**™° to a ^oid a delay 

m response by outputtmg an instantaneous value without being passed through the recursive filter circuit 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a block diagram of an essential portion of one embodiment of the present invention; 
Fig. 2 shows a block diagram of an essential portion of another embodiment of the present invention; 
5 Fig. 3 shows a block diagram of an essential portion of still another embodiment of the present invention; 

Fig. 4 shows a block diagram of a gradation corrector; and 

Figs. 5A to 5F show waveforms for explaining the operation of the gradation corrector shown in Fig. 4. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

The output signal e of the histogram operating circuit 3 shown in Fig. 4 representatively indicates signals 
of the control values such as limiter level, addition value, accumulation start/stop luminance levels. These con- 
trol values are also calculated by the operating circuit 3 in dependence upon histogram features such as mean 
value, mode value, minimum value, etc. computed or detected in the circuit 3. Figs. 1 to 3 show in dashed blocks 
15 circuits for the detection of the minimum value of the histogram, which circuits are included in the respective 
histogram operating and circuits 3. The respective minimum value detection circuit results in controlling the out- 
put signal e of the circuit 3. 

(Embodiment 1) 

20 

Fig. 1 shows a main part of one embodiment of the present invention. In the figure, reference numeral 2 
designates a histogram memory which is the same as that used in the conventional gradation corrector. Num- 
eral 50 designates an S/N detecting circuit which detects the level of noise included in a video signal. Numeral 
51 designates a clipping circuit which clips a frequency which is not higher than a certain level to have a clipped 
25 level zero. 

Explanation will now be made of the operation of the above construction. First, the level of noises in a video 
signal is detected by the S/N detecting circuit 50. Then, a clipping level of the clipping circuit 51 is changed in 
accordance with an output level of the S/N detecting circuit 51. More particularly, the clipping level is made 
large in the case where many noises are involved and small in the case where less noises are involved. 
30 According to the present embodiment as described above, a large variation of the minimum value to be 

detected, which variation may be caused from noises included in the video signal, can be prevented by providing 
the S/N detecting circuit 50 and the clipping circuit 51 which is connected to the S/N detecting circuit 50 and 
the clipping level of which is controlled by an output of the S/N detecting circuit 50. As a result, it is possible 
to make a gradation correction with no oscillation of a corrected output signal. 

35 

(Embodiment 2) 

Fig. 2 shows another embodiment of the present invention. In the figure, reference numerals 2 and 51 desig- 
nate a histogram memory and a clipping circuit which are the same as those shown in Fig. 1. Numeral 52 desig- 

40 nates a video scene change detecting circuit which detects the degree of change in video scene. Numeral 53 
designates an adder and numeral 54 designates a xK circuit which multiplies feedback data by the weight K. 
The adder 53 and the xK circuit 54 form a recursive filter circuit. 

Explanation will now be made of the operation of the above construction. First, a frequency not higher than 
a certain level is clipped to zero by the clipping circuit 51 and an output signal of the clipping circuit 51 is con- 

45 nected to the recursive filter circuit. Then, the weight K of a feedback coefficient of the recursive filter circuit is 
controlled by an output of the video scene change detecting circuit 52 or in accordance of the degree of change 
in video scene to the optimum value in a range where the minimum value to be detected does not oscillate. 
More especially, when the change in video scene is small, the value of K is made large. 

According to the present embodiment as described above, a variation of a value to be detected, which may 

50 be caused from noises or the like, can be suppressed greatly by providing the video scene change detecting 
circuit 52, the adder 53 and the xK circuit 54 the feedback coefficient of which is controlled by an output of the 
video scene change detecting circuit 52. As a result, it is possible to make a smooth gradation correction. 

(Embodiment 3) 

55 

Fig. 3 shows still another embodiment of the present invention. In the figure, reference numerals 2, 51, 52, 
53 and 54 designate a histogram memory, a clipping circuit, a video scene change detecting circuit, an adder 
and a xK circuit which are the same as those shown in Fig. 2. Numeral 55 designates a two-input/one-output 
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selector circuit which makes a change-over between an output of the clipping circuit 51 and an output of the 
recursive filter crcu.t in accordance with an output of the video scene change detecting circuit 52 
ieJ^cU^ZT ^ th K 6 COnStn,Cti ° n wi " now be e *P |ained - First, a frequency not higher than a certain 

level I is clipped to zero by the cl.pp.ng circuit 51 and an output of the clipping circuit 51 is connected to therecur- 
71 r C,rcu,t Then ' the selector circuit 55 selects an output of the recursive filter circuit usually and the output 
of the clipping crcu.t 51 when a video scene has a sudden change. 

According tothe present embodiment as described above, a delay in response, which may be causedowing 
slT^rZ T\ C>rCU]t Vid6 ° SC6ne h3S 3 SUdd6n Chan9e ' 03(1 be avoided ^ Priding the vide^ 
10 bvT nu^Z ,h h 9 C ' rCUIt I'' 3dder 53 ' the XK drCUit 54 3nd the Selector circuit 55 whi <* is controlled 

recSn IThtr , SCBne de T nQ CirCUit 5Z AS 3 reSUlt ' 1 iS POSSible t0 make a smooth 9radation cor- 
rection which follows a change in video scene. 



1. A gradation corrector comprising a histogram memory (2) for storing a histogram of a video luminance sig- 
nal a histogram operating circuit (3) connected to the histogram memory for extracting a feature of the 
histogram from data stored in the histogram memory, a limiter/adder circuit (5) connected to an output of 
the histogram operating circuit for processing the data of the histogram memory, an accumulation control 
register circuit (6) and a normalization control register circuit (7) each connected to an output of the his- 
togram operating circuit, a histogram accumulation circuit (8) connected to the histogram memory and the 
accumulation control register circuit for making a cumulative addition for the processed data of the his- 
togram memory, a cumulative histogram memory (9) for storing the result of cumulative addition a look-up 
table operating circuit (10) connected to the cumulative histogram memory and the normalization control 
reg.ster circuit for normalizing data of the cumulative histogram memory, and a look-up table memory (1 1) 
for storing the result of normalization, the histogram operating circuit including a circuit for detecting the 
minimum value of the histogram; the minimum value detecting circuit having a circuit (50) for detecting 
S/N from an input v.deo signal and a clipping circuit (51) connected to an output of the S/N detecting circuit 
^l 3 ^?'^ hist09ram ™™°ry, a clipping level of the clipping circuit being controlled by the output 
of the S/N detecting circuit. ' v 



A gradation corrector comprising a histogram memory for storing a histogram of a video luminance signal 
a histogram operating circuit connected to the histogram memory for extracting a feature of the histogram 
from data stored in the histogram memory, a limiter/adder circuit connected to an output of the histogram 
operating circuit for processing the data of the histogram memory, an accumulation control register circuit 
and a normalization control register circuit each connected to an output of the histogram operating circuit 
a histogram accumulation circuit connected to the histogram memory and the accumulation control register 
circuit for making a cumulative addition for the processed data of the histogram memory, a cumulative his- 
togram memory for storing the result of cumulative addition, a look-up table operating circuit connected 
to the cumulative histogram memory and the normalization control ; register circuit for normalizing data of 
the cumulate h.stogram memory, and a look-up table memory for'storing the result of normalization the 
histogram operating circuit including a circuit for detecting the minimum value of the histogram the mini- 
mum value detecting circuit having a circuit (52) connected to a clipping circuit (51 ) for detecting a change 
in video scene, a recursive filter circuit composed of an adder (53) and a circuit (54) for making a mulli- 
pl.cat.on by a certain coefficient K, and a circuit for controlling the xK circuit of the recursive filter circuit 
by an output of the video scene change detecting circuit. 

A gradation corrector comprising a histogram memory for storing a histogram of a video luminance signal 
a h.stogram operating circuit connected to the histogram memory for extracting a feature of the histogram 
from data stored in the histogram memory, a limiter/adder circuit connected to an output of the histogram 
operating crcuit for processing the data of the histogram memory, an accumulation control register circuit 
and a normalrzation control register circuit each connected to an output of the histogram operating circuit 
a histogram accumulation circuit connected to the histogram memory and the accumulation control register 
circuit for mak.ng a cumulative addition for the processed data of the histogram memory, a cumulative his- 
togram memory for storing the result of cumulative addition, a look-up table operating circuit connected 
to the cumulative histogram memory and the normalization control register circuit for normalizing data of 
the cumulative histogram memory, and a look-up table memory for storing the result of normalization the 
histogram operating circuit including a circuit for detecting the minimum value of the histogram the mini- 
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mum value detecting circuit having a circuit (52) connected to a clipping circuit (51) for detecting a change 
in video scene, a recursive filter circuit composed of an adder (53) and a circuit (54) for making a multi- 
plication of a certain coefficient K, and a two-input/one-output selector (55) circuit for making a change- 
over between an output of the recursive filter circuit and an output of the clipping circuit in accordance 
with an output of the video scene change detecting circuit. 
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FIG. 5A 
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(g) Gradation corrector. 

(57) In a gradation corrector used in a television 
^ receiver 9 a clipping circuit (51) is connected to 
an output of a histogram memory (2) and a 
dipping level of the dipping circuit (51) is 
changed in accordance with an output 0 an S/N 
detecting circuit (50). Thereby, whenfhen^ 
mum value is detected, it is poss.ble to prevent 
a large variation of the value to be detected 
which may be caused from noise or the Itke^ 
Also, a circuit (52) for detecting a change in 
video scene and a recursive filter circuit com- 
posed of an adder (53) and a xK c.rcurt 54) (and 
a two-input/one-output seledor circuit (55)) are 
provided on the output side of a clipp.ng circurt 
(51} and the coefficient value K of the xK circuit 
(54) (or the selector circuit (55) is controlled in 
accordance with an output of the v.deo scene 
change detecting circuit (52). Thereby, rt is 
possible to make a smooth gradation correct-on 
which is not affected by noises or the like (or to 
make a gradation correction with rapid res- 
ponse which follows a change in video scene). 
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